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I$li(!iit$ii^4 s ta t in im ^ci Bm^m m4 Bm$M^ 
based ^ '^ Mtii@2jei^ « msi^jm mmwium^.^ ^ fmtMMW 
wmwm # KeiiEev «Lai»in« litoili^ p9^mt^ m^mM Wsm^Umm 3 0 
PI^ AIS 
iei>@«l.« iat^resty |^®i@i»^ m It Urns at «li# Sm^Um oT 
m«ir 9@l&t» altlioug^ seo3.ogieaX •i^loi^att.oii 0V^ t ^ past 
tno 4«e^N9 iMi@ ^ ^ 4 o d m^^mdgim T®m^%s iMmSBX as t&« 
parts o f tlm a is^t^ iH ooaailia,4^ «^«^ ifoms a f a f t of ^»e 
«b« Vi^amifo l^iKi&s^ o® of assoi^atM MtbofaoiM i t t A 
t l t» t« ^le ti» <dal «#amiP3S|| tl^eiiP wmUMsk QW^^T of 
t lo% iffiia to 09slw»%^ f aet0l^s ^liil^ oaa^ FoXXo4 @oillBi«n^ tat£oii 
W-a^^etm iM t^ ^wm. &£ma» ffm sti%i^  bmvm r«^^t«d laAi^tt 
1^0 tos»lts of I 
1« os^oiEltiou and pt^«rrod oi?4€r of v^ t loa l triSi«l» 
^koa of ms$mmt llt^aOm^^ i»tat«% ^ o^i^ntoi Mmn mm 

liiMi a^s« iig>f^  i i mmvSkM out Sm t ^ s m^H^ik, 
i^m Hii^im^ll eg»iauil.<il.€ os^a^tn^^jp l^e n^tt^^ai 
a&st #i£li4i^ m til© l1@iMii^^»s^ V a U ^ toni f f^a fe^tt ^H^ 
inft^tl * I& tki@ @as%€tsi f ar t &t ^m o d a l ^ t l ^ ' iH ^r«a «!* 
Bee®sii®,ry IMivaw mid iatso^ci-iaipy imHi.'f^en* I ai ymi^tvH 
ta Pfofepsor T.iU ISrlvastava of t i^s D^jartecait for glfli^^ 
«0tiifs# of hemy mlnmrBl ^ aiaainatlan and for ©onsfe^t ®acoiMr^«-
lUCt f««»ri of ttds Di^ortisiiit • ^EUi»ti#4 their heL|> at 
y^ioms stages of tMs woiMm ilr« IWC« f#w;ixl M B ^ ; ^ v@iil««r@d' 
Co£A Oiirt^aa 0«B*I*;r Oal^ittaf £m4 ^ 7* iv.^ « Datt.% ^^ol^ is t* 
'll*S*l« em& for l^ ixieHy ^iU^iiilg ace#s@ to tis© os^e se@pl©% 
^rdbol® logs i^ ii^  atlier r^^mmt gsologicil ra^sMs* 
fli# aui^ bQr aim actaoi^edgeg idth ' ^ c ^ a tli@ assls«> 
t@»li« pv(»<vS.4#S ff«M t tee ta tte@ ^ j Ms «@IX€asii^ i^  M,mmrs 
and 
for tM@ stiii^ mm j^mM,^m& fbt a «li3tt p«eio4 b|r tlie i t^ to 
Oe-iffiAU, of g « l ^ ^ . i ^ f e^»c4^ r C ^ ^ t Pttair Ww^m^ 
hvMim»90 %jr ^W ^^ ^^ wm^ of a fli^ s#@r«iii Mi^&ka^t^i^^ 
I^Jl^y, t ^ aj^'i»r @si»ire®s«s Ms titanss to M?* 
aai««i^^im Itea4 ia%d i^ r# H^S^ itoM for photogr-^^ as^ a 
il^ 'Sf tlag of Ite drailiigs aid @aps« 
mmtmt 
^iTfti^ Sat© ^ s ' sttf^M^#ai^iiS i^siesir ^ % i ^ a f im^t l ' ^aJ . «iffiai%s^ 
#f lstr«B *m%m£^w 6^4 Eimi^ aaaJ i;iir.^ t,i% B o ^ tkm l a t t e r s^r^* 
ta isp^pomt la mall pit^^^n mmi^l^ $M tt.^ $mw^ ^&st^ i& pM t^ 
HiCf'^^^l o&aifS^Uf r^«»t94»«^«i tm» I t e «itti^34^i>i »^«iyt 
^ t e ^ a p3^in0 i%i{>;^ @s .Utiiiii^ #Mtds^m« lAiM.&mtmAm^ml Ptti 
V TV N . 
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m^GWi (f) •• Cltit:Ut% s«i^8ts# ^!iiairtM.t% 
ill® fca.9&i» i$^^8% oC p i^i4 t^em% M.3^tst^i« iliaJL# 
^3i.ft'«-«^».4at4 s*iii^ istca# with o$€S£ilc®®l p^in^ly te^iwR% 
s3.{»ig ^fi "mv^i&m ^w^Awy mm^st t^# ^ir^&ms mlM 
i^f^i^* data la ll«Nt im fja® I# • 
8 
Bm^w^ism9§, 6«ib« •liiii.ds #id tivmsHt^s 
Q»atL $M fbaljr «daX mm ^a^ 
m93L$ aiair «»ai^ «iati) n^ti.* 
t t 







fee «6a9»* gF^LiMd «i% i d l ^ 
IT rami nh ssti lidj^lji ^uttBiue iiilMft 
m^ m^ $^wmm ^^B mmx m^^im& %M 
Goal h i^allir «esl aftsig & Cai^. i b ^ i » Fmvflffa %»p 
3.1 
mwx mm tm%m 
(4) pirn ^ liR^j, e#;ws@ gyi t^ ©«sl©%#a*| (li) irc^* ses^g^ 
fim %i ^p3m» e@syra« gi^t^ amM^wm t^^iW%^M3^m 
u 
Wit® umAii^mt' of Ha,® ^ r : ^ Ito®^t?s4,a M ^ i i 
Wit^m&m iwm& l.m$ ^m» % mmi&m to a 0»i^t@ of m^tmB» 1^l%#-t# 
li 
J^m^ m^&iy M&f^wihu^^ ill t ^ ftv t^ &i#^s #t ^ i ^ i in ^m 
m tli^ D t^fiai.«a©t«»:i part oi: ^m ^Hmse-mM&S'm^ (Fl^.^* a ^ 
i^t^k^si far ^© Mmm hmim§ ^.sm% ^ rif©p^ s^t^Umi of tii® 
%»• isar imwi-mmn was sst l^osi^ feli,. la. ih-^ ijlira ?^$'€lisi# l*^ ,?!,. 
©©ai, ii^a^ui^i*. fig, a i3J,««i%r:iter^ . J^i^ jlf^ s of 1»®s*«iial@ 'i»$s ^ 
^^mmmm l i s ®#t^m) «i^ F#r««@t^e i@#r€ «wpii^#i ii^iiimt^ir 
#^^fct Mddis «c»fvei^ ;Qikaa to tli# B&r^ m^ir strata $iiist@iis tl^»t 
as 1@ e«l€«iit lle<w m^ $mlml^'^ mm (<^ 14«^ )« X^  ^ # 9^i»^  
iwm mSB$0 iiiaa i^ S^I* &mma&mmys^ ^ksl& dN>it i*»l^ ^ i»ft ^ ^ 
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f i q 3 Co lumnar d U q r * ( l i t based orr boreho le logs showing 
l i t h o i o q i c a l s ta tes m the Barakar and R a o i q a n j 
f o r m a t i o n * 
ar*tiy ®.i4 AwSn^l 
L ^ ?^rt«iitii^« 
oijwliwiiitiiMj, iiiiMiiiiiniLi mill m •iiiiii«iwi>Wi<iPiii«iijiiiMiww»liMatgi||B|ii|i il.imHiWrtl«B|i1>W»WMH.i 
m m#£i m^m nm i^m 
II !llll> lll'lllll llli-H l<H»««Hil«Ji|» H niiW UMWii •MMiMH** 
ii«A $^MM i t t i i i i r^ is» 
UllllHHIill .ll> Jl 
4 ,^ ^u m^m 
Ifl^fmmmmmmmmmmmi'i'mmimmimmimiiim 
^ ^ ^ P ^W|^. ^ ^ ^ F ^WH* wKSr ^fH^K^w^f^^ 
i»»iil|i»«iMiii<«>pipi,iwiiniijiiiiiiiiiiiiiiiiii.iiii 11 mmmmmmmm •iMMMMMNMtx mmmmmm timmmmmmmmmmmmmm 
iB m^m mmm B^m i»ii idiiviA Stm ii«af 
mimmmitBm •WXilMApii l *«Nf*«M«l1IMMM«IHI»MMIl|» 
w i4M»xt m^m i%mm,u M I f «d$ iA»ii ^ i^«f 
iiHiiiiiiiiM'iiiiii Mjiimim I iimiwi»iiiii«iiiwii.-iiw)i iii,nimij<iiiilf '• 
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#iiii^<»gwi»yM»iriitai»i'iwir>»i»iil»«j|iiM>"'"iW-!*Miiii«irotaii<iijiiiiiii^ miiii.i iiii«iiiiiin»i.>ii',iiiriuiiiiiiiii|iiiiiiiiiiiiiiiii»iinii«iiiniii iiidiiiiij.iiyiiKmiiwiiiiiiiiriiiiiiiniiiiiiiii iiMiiiiiiriiiiiii iiiiiiiiiii||riii»iiriiii»iiiit(iiwiiw«i»*i«»w»|^^ 
i Of m i I 
mmmtimmmiimimmimmmm 
I 
mi^jT sem^B icifl-s icm-s ^ci3-g I Mcm* n^m^ nmrnm s e ^ u 
I SI mm, m 
%msxm m^m i « ^ m^M 4Q*n w»m m^ M*m m^m 
i» M^m M»m %m ^m u^m um ^m zm 
>«iiiai# 4.9a u^ i*ti £^^ «•» ^ts %m um 
i m%m u»m u^u mm Ui^m ij^,m m»m m^m 
iilW»»«#i»»iil*i» !•«'»• «ii<iiiiii»iii<i'iMi.ii>iiiiiii»iifiinii»)i»]«iiiiiiii>.iM mil iumnwmmm-mmm»mm0mmmmm,M'itlmmmm¥mmmmmm0»mfmmmmmmmmmumtmi'i'Mmmmmmi»i«^^^ 
0 mi tite ' I A k R I 
IWlMW^I»ll»l«>lll«»IM»ll»WII»«W«l»W^^ « • walJMIIWMIWBWWIIpWiMllClllrilllirWIIIBIII^^ MilWIWIIWBIilWWIMIIIf** 
E»ii^^ mm*» Mmu» mm* iiciai* scsi^ ucmm atm» acf ^ 
..t,.w...i»..|.wiiiuiii MSti I uv i i i i l t t n I ..•iiifti.i.ii.iiii.!iiii.,..i,ilini«,..iiii, , . . . i f l | . i i i..,.,JfiSii in. n.iui ili^.iii 
'A&^&em m^m t«xf m^m m^m O I M J SS ,0S f^m u^m 
u 3.«iS i>«aft ^ s § i#iid s« i i i^so a«ii 4«es 
iii»«lwii»iM»iw>'«»w»i«»»«w«li»wi>»|i«*w«wi«^ iim nm WHM miinnuiiiiiiiiiMriiWiniii i nm Miww»iiiliiw«»i»»iiw«iiw<»iMwiii««»«»i»»«»*wi«i n «i I W M I C I I O W ' imnnrin nimim ii»iL»li.iimini«i» m 
i u^m u^m %B»m m ^ u m*m Bum %M^m m^m 
\mmmt00ti<liimmi>tiii»mmitmmm0>mmmmmmmmiiif'nf»t mj'w lanmiiiuLiiwiinioiiuMinmoiwii.niwinin-nii ini»«i(i«iii*«wr» tm if.i»iiiiiiiw/i»iiiriii»iMiiiwi«»tai»»wiii«iwiMtiwi»wi»»i»twiijiuiiMii«iiw^ 
BWMllMPIIMaHMMMMIHHMMWOMAawj^^ '«W«JlWMMBfcWWilHWU»«!» « llllWMlllil'pWIWiWItWWWWIWIIWWIII^  
• 
^ X ^ y S€^«»7 8 € ^ « 0 iaill..@i : UCIsS^ MGSS>^ MCSSmm KCSl^iS 
liW.ii I .mil iiiwaiii..! mini. mimiiwiMl Mji »ii rm iimin m mi mi in m riinr m i iin '-»» n mi niniff" 'i r- r- • i— --'- •—t ' " • ' '" — - ' •" i' i " T "~—i""—r^"-
m^m 9$»m mM I%Q^ m^m ^ ^ m mjm 
MiiiniiiiniiiWiMi nil iiii,»iiii».«imii»ii»ri««iw«iiii»i>ii«»»»>»i»<i»i»i iKiii • wiwumininwiiinMiiiii >»«i«»ii» m mimmmmmimmi'im0m0ttt»mmm»>mm^immmm>imltKHt0i>^^ 
m»m ft*i9 4 0 6 ^m mmn %^m m»m 
•niiwfiliiiwuiiiiiiinnifmiiiw mwr :iii.,»iwiii»iiiiri»iiiiiiiiiiii(wiaii«i>igiMi»i»iiM,tw«iiii»ww«iiiiii'iiiiiiii»^ iiim >iiiiiii.iHMnnn»iin«mm «iii.iiiiimiiiir IIH»I<«MIWI»IW>» 
I* m»km un s^n $.m i*ai mm a3«u i^w 
WPiiwniwiMili ,iiHM.jjiu.aw.n L lit wir/nifni' itmri'in • .nrfmcnn iiii:iii(.v ::".m :'"i'"' '111(1111 I T "^'rnT' m^rr ' "•.•T "I r" '•'•'"'—"-• -r-" -^*^— •^"•••• — •••'• -"-'-—••"^™-~—••—•-"•— -^"~--—^^"> .-..^ -M-IHm^mmmmm^tiiimiilf^^'^ 
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s@3re ^^ir<&^€4 to I te l i :Mg» | mm. thti Bm^M@» wtim%^$ ^i^^m^ 
» 4 ai«i^ a»t ^3% of fi^ »i«@i.s8m#® @o*aci^  ^^M a^»i^ i» 
^® f £«iel% ©-^  fl@@»€S.^tl€s i» tte^ l ^ ^ c i t strata. -
• • # 
l$im^m m4, Mi^^mt'^ ^ ^ # l^##i i^ted l^ «9e t3 i^2ilfl^ 4@ @f Wx^ 
mmimm @%yii©e &'i Mti^'m£-&si,mi ^mi^^^Uxm ^igtuiil l^^t^i^ hm 
17 
fmrn^^i^ m^im^ti^m !!.• iz'ikBwmm:- mn aa^iciT. 
ir*a.i^l# sta%4i5tler.i3. test;: liav® Mi0iij ijsfei^isis^ i s ri'©i»it ^mmB 
i&r4^€4a, iSifi Ssilsam^ cmil €i^t4»# X9f0). Ui^&v Oto^ ii^  iS' 
Urn msti^ius CI.J4^} md iiwtittmxB Ci^o)» mt^i sm« %&m u 
verfeieai %i?'mii.tteiie ©IT Xlttoiogie sfeter^, «9m^ttt*^ti^ Urn 
€bam 
s*ie «|> »fi#e mf m:0.wmmmM$* fhm i%ws% 9t4m laf^^ ^ui-
Sievpi&^^ S te M>£im^^% pmtB &i mm world (S3ninibefn^ -:195^ .; •^•i • 
18 
Read, 1969j Casshyap,. 1975j H o t t o f l , IU^WJ* 'miii Hm: UumQW 
wt;gi^ c%m?li^  oA' J l f a t Qgiitr g-axy g&i«it uat t lE 
tiifc trai^%i-^.s ©^ MRt aatrim ft^r ti^ tJ f i r s t 0r4er Lltmmv i*faci#su 
ii^u«4# I s tm '^ tiwGt ©cti«% I t is; as^^esi that m^ gi¥a» 
i l t l » los i c :4 state e^m^^t i^aes %JS^5^ latad tii& ss:;^ XXWalxkl^t 
t l i l s eacv^ aespo el.e»KJJit;i iMiit Qi^-cti' i s tli^ .; pt4i*ci.nj4 ^ac^sig^ 
.g^ KS values em ^i^ea^ t s Mi© gwim^i^ M,.s^^(^m 
r ^a t t i ^ irnd as st'it<ia iMo'wc, z^g&s o^pmir iM s^l ®l«i€at" 
fstii i^pal «^^f i»^ . Sl^s seMsQii far str«Jtiiriisg twiis'' e**^^ * 
a i ^ a l y , 1007} B©adt 13@^| Jolm.i»E. aiJi t^#Ji., ISf ^ iiiaU 1^1^ 
essilisr^t 2M^t C a s ^ s p md .^feim, iSTS; fewarif UT7) , m4 isj 
19 
i©4 aipi>m#i mMi C^ sis-«ar (L.-;?0) ©iitHnc^ fartous aa%fl®€ja 
^tim s to f t to f imtMt to tta^o^ Crista ^ O ^ a l s . i s to 
• i ivtas 0t»a;feigt«^^€ mmm^'SUm 'Urn B&-^m.m 1© i m ^ & « 4 l a 
t i ^ % i % tiPipsitiQms tov# < » ^ fe#fi£i t^mmiM i^ape s litteX©-* 
tarsals p t ^ i j t ^ l i l r i tatsl f t C^ j^ )« 
20 
m ^ Wj . im^mimt %Ha.» mUl. i l « s te<» a«tu»i 
#%at« f);@e Wm total ay^ i^ &f ^ ^ ^ d s in %^%^ m-^^fi.m» St 
§ismm wo^&tm C^iiM^i^iii* Jy l^i^ t Ittitia IMIs ii^aii,* 
Wm iMm^»^»^ lurial.® m^ti^x C-^ )^ i s ^»t»i«tw^ twmB 
(*t^ ^l i i t ts t m% ^ »i^ mm i»i ^t^ mm mf milwrn ^3^- aXvtf* 
'lp@»s tt^^ti«3!iis ^^^ Imw^m H$hm ^m »m&m »m^^^ 
f#<i§iQii«gid ^ « UBu of ilff«»^Ge matai^ it C^^ ^^ t^ r m^ Btm^^, 
m ^ s lil«i| | icH^i Qam^i^ m^ linBiK MTtf f^^0i> 3lifft33d@* 
21 
I^ t4 i ir%% '^ i s %G@ eisiU.* 
msMmsiSi^ OJM^ ms^ i^ils %mt »I4^^ iiiF«$ ^ ^ fiia^a^l^ 
^^p^iii^«gr #1" f<»^ W»eih Mm^^mimM.m^^» i t «m $»@ 
iH^Nit y^ V i s t7» i i . t i c^ i '^Ufiit ia3%si% 
^^/ i s &ai«^«id«ii% ^riiS. u s t f i i f «i4 
i;* i « 1 ^ 4 f g t ^ df fviMiaB* 
i f po^ t l im «a^ii«s i f i ^® @3K.@ s«^ri»# . 
mi»Wme st^M.3tie8 i s F.f»ps»^^ W »MmmM « i 
aiii&«i»«» Ci^iiif) %» test mi^ p i ^ ^ i ^ # or ^^^iiie® of i.syei^ ¥i@» 
i n % i i vo^ iw% of tr»M.iiom% His t®st iisti^M.«ii^-^ 
1 ^ too a i $ « f ^ l l t « I^F^t^o^o i s l l ^ t @it^ c«y ^ « mm-
«t^#9 are iB^^«Bi«Bt o t Wm^ mm nQt iiMliitosdoBt* 
I f m% %mm9^m% m^ oomt fo i» a n r s t 0P(l@r i lss^v 
clNi&* Wm »tmm,^9B i s s 
>=tt(^.n a ^'^M 
22 
Wimmm^ «B^ Ccart^ Ciifo) «cimst-e'i t^# t^»&nm ^mmm^^&m 
%i^  in §Bm Mmm^ mmM^^ i®flii« S-^mM^ tmwS^t s^ Siii% 
Q&^Lfi^ d i s liiomt fm Mm '^m Bm^m f^ »omd® im m^^wt 
o 3 
C^t ibil,# 0 ) iMi «&dl C# at« mm mmm t^tl&@Uir@ l i ^ e ^ i l ^ 
JliiiipM «ittai i^ al,« for %&€ j^ v9i»#0# @f tM« etii^« ^MMiai 1 ^ ^ 
timmkW^mm l^n «ii« ai4 i^^ i4ii4« #%©«• m t ^ ea^ s fiat© is n^t 
S^«s^i% %iWiii.M f^t# ii«if« «e«i^M iwem 9»t IiliMilji^« stmt* t» 
»Scln ) if^lm 4) 4Ni^ i094 f»sp tit* t^w» 4iit% foU^mlfii 
^Mi p«»««itit« mMMamA ^mlJimf§ wmm « ^ | a c t ^ ,ta «6i»$fiui»# 
C l 9 M i i 9114 f ^ l f ) l i t $ «»4 I. t i$#«( IS & f t t « « | M l t . t ^ i p t e ^ i n & r g Table 5 
i^« fii«»4 l@ )3« si4^ )^ U i^^ ei% lii# iQ^iiitiilt in ^ « 9 ^ ir*|«o^ii 
Imsed tm ^^MitioB ffoliatoiMlr C t^ j^ ) ^^ diff«t«»e« C^ ^^ j ) 
»Ati^ % is i^tt^d diflgiwi^saUr ia ^ « i t %«»M 
Umm fwm ims 1^ mmmm IlitlisSbsiie states ^^ f« ^i»m 
sfievs* f&# 99^M9sd «arie« of virtlei^ ttittM^Msn $» mmd^m 
lAiiiiAifa > i » & 
0& iipb«^^«i Um^&w @iai&« 
twrnitkUm »iiil, .nfiMiis C p) ) 
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f l ^ . 5 Markov diagrams $howin§prtferrt<l 
upward transittof^t between titliolo^ic 
states based &n transition probab>iiilty{A ) 
and difference (BImatricet of thf 
Barakar strata . 
o 7 
as d4«ivw4 mi^«vm^ i& «^:il ^3«#i» ^ms#d €« t « i S l ^ m ^ l p robab i l i t y 
D«@li i«jyi 0 « ^ 
d«^ QM o%M 
@tlA Q*IS §99i 
^ o a t , ,©»is , ,Q»» 
«ii4«it» sua pir^^rii^ mmMt mmm^UfimiL p^m hmsm& 
im %m ^mm i^^i aiti Mam MimSat^ liat aipntiilft^ 
* l^anigan.1 Coal Measiires; 
t4MiFi| i t npNisiiita & pttfiiMi^^ «dfiMi^itai strata in m# 
o 8 
m$ ^f m^w^} of m& «l9mt% mtHe mm m^ mfmt W0 mA ^ ^ 
li|r l»fi»i% (fit* t^* Hi® tViSfcaitt^ ri ||iis -^^ UL4% w^imn : 
li^biiii fueii^l^Lli^ WBi«@% and t ^ t J^ i«a iiiia^ ® mmm^ %m 
29 
wiWiii 
» • * 
6 00 i i ® / u 





















Fig. S Markov diagrams showing preferred 
upward transitions between llthologic 
states based on transition probabttity(A) 
and difference t B ) matrices of the 
RaniganJ s t r a t i . 
o 1 
CMi^ s1«3®# filial© > mal —^sa^sastoi^ m^i>m»& tm 
> sto^e —> seal >sb€4#)# XMs Uif^p^ae© i@ 
B.a3tafesr t^ m tfi« E«aai£:;i4 strata* Xlii^  rosui ts » dc^liaeei 
«i#& eas«s oJt 'tlis ;>«i*{ifear ^ti^at^; and saadstofte ^sliaia 
> iKJal > sii?u.% Sot lltlKslogios flDSStdltiitiBg the 
feional pat^ I s 2-24611 a" to tliM-t d£di»oe4 .fbip E?mig.^J sti»*it% 
l^wm-'Umm^ %u^ v'trMeeX %t nsltioits •mli^itlsri call f^t 
^ial© ta 0oal# A slt>ai,tl^;,nt .-lifff^ Timec- IXms in the 
»a tur t of i-ss^-^eitloii, Tmis, tho Biu?.*rtr c^reles aim aeigtlj? 
i&fiy®scitrisai. aw iii--:llct't€.cl by tj&c prep^ioc of sae4stori€ cm 
Sja %km il¥€iB « £ a aiid evcA«abCS piJo^aUIe cows©?? re^JonsibJL* 
a^t fiiai»i «pwaif*l cycles as deducted h^r^j sr« «3olii?*tiii 
33 
{mim, ij#&» nm^t imB, mma» xm^}m mmua^ mu^m 
t^w^^0 l^f&$ ms&g l@#l ^ms$kg 3Jf7» Mm} m Am imm 
^ \>i{ ttAtl^S m^ p&t^Uf® ^Bl\m ifK^M Matrix §&t dkaX&m 
F^Qi^ 9&vt«d ^m^sAm pmfvm^ ^^nUk&m^Oi^ 9£ lmg«*^m&le 
0#a$« 0*il^» I f i ^ ^ tt#qpaiii% l i i t ^ i € 4 i l J i i l « t iNil i i tiit MlfeeM* 
09«l eiMfoite gt«Btf^ piR^i^iUllar ^ He ^^ i re ^ ia l« C0«S3^ 
t ^ fix^Uiii ii^ i^ tir4 «^ N&#% 9i^i##^»i Hitt @wi^ 001141 moiis 
smr e^STtt 4i«Vito^«pd ^iiU,#iiia$ tHe ia.«94 i l ^ e ^ &-^ i^wist^ 
f9s> ^1^ QwSm^ ^i i^a^^m iipw-ttt «^«i^ is la U^lisi^ sSIL 
Udmm iXk tte MmptMsg' m^ Mm$s&^$ strata m p«»ii&^ d @iit 
m ^ii% ^fijr mmm mw^^m^ mid %mMwm& ff@«ii»«(Uy mni, 
m ^«tr« m^t^A in t^ Barker strata* 
M s#i£siiitaUoa ^•m$Tmu&^ lte«^J^ tls% t^® 
mmlmm* ^Im Mm$4mi 6tr&t% «i«te i» Mit 0^4 ^ ^ is^ 
tm%*m3L tM.i% ill %tm emmm df ibii»«il m$9 mmtm% tow 
»1 5 
tmm mMmm mmtu$ 
«^t3i33 paitai» mxi,^ &i hmi'wst mixkm$l s^mL^B^ "Omm mm^ 
ip««l«« i^iBtlllfiS ms li««t mn p»silM«« 
o 
37 
of tl:^ ^©a^ i^alas t 9 ^ # aftt l»« I^i«p«tl7 «l#aiMi a»4 I^NSMST 
Wmm m$mmA «p«< «^« %3m mmm^ smvm $M %^ -^i i^ (0«f^ MI| 
%^mwlhM timtm w&<§^m la ot#er ©f ^«odi)8«e t Plate i (Figs. 1-12) • 
illustrates the salient features of heavy mineral species in these rocks. 
^^.aafe^ t #i4i»%« ^mmmB a® ^»^&Q&% MJ^W^ v^i^riai iw^m % i i tQ 
WMH^ ii«^ m ssm^m^ Qt U«&% i ^ 6 % jp#:^ U*Mi i s t ^ tMi. 
«ii« fyaetlima of Bajr^^ar §»9mmU^^ mkmm^m Iwt. Bas^isil i t vmA^-
O 8 
wm^m Umt Ujm U%« M%#i 
imm 
.»o?« i4i»«3L iM^m m»m 
•f^ fi ii##4 4i«ii 4»XB 
,afi m^m mh^ isuts 
.ym m^m u»u m^u 
mmm m^m m^m i»od 




4*iii i « i ^ i # ^ i«a& i « i ^ * 
^m um urn o«t$ Q»ii m^m %m 
4«4ft 2i»»@0 u m , m»m um «• 
xs«.^' ^ 4»2d ii«<^ a t « ^ s»4» u m , m 
t«46 i jy i i«at m^m B^m o«44 «» 
4,s& 4»m x#si i.ir» ^ftd o»$i m 
m^m i«fi> s»4« 14*07 ^m * 
%^» um Q#7i 46 40 X*^ X»ai « 
t « ^ 1,47 0«l^ 4Sri l 0«d4 • 
mMmmmmmmmNim rlM|Mmn#IMIMMMH|l ifc^.-iwwiiiwKtiiM'^iw-ii i»iiBiwnwi»MW mMwumi iiaiiiimiWiiiwitKirttwi 
39 
B a ra k a r Raniganj 
B^m* &m9 9£ 
1 ) 
p. U.miM 
f: s ) U ) 
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^0X0®% Mum. % 
f t M t i o d ^ t i i h 07i 




4MHM III lin I "lii iwww»iiw>wiiiiw»iiiiiwi mmimmiMmiiimmnmimm*m i , .«i i i lPi i i iW»Pii >'jiiMii)iiii>.<. H.nii ^ i w w i W M l i l 
t* AlHNMbiA at»gi>'twtli Oft rwiniiNi siMKittv 
^ 9f 6» St«te4 aHPMt ^MMiai y iHiat M A ^ ^ ^ a t mrfMtt 








i@t.43li« #.« te« 9igavi^ ^s ir> iM«% mm^^B #f lii$ BiiMii«r ia 
mm $iim& mm* 
o^i^yg i a a v^ r i i ^® i|iM»tmt ( i « ^ • M^%il^ m «^(spapii tsi 
imm ©II. ^® mm^BB %B ii«3i ^'ii*Tf^' mm. i4#iO j i^HT^ 
P««l^vii4rt in ti&« frs^etigiid ef #jyi^  an m^a *^% m^»- mmmm 
m^mm» im Banigii^ ^m&tXaa at# a©r# eir i#@@ @@EI% I t i s 
iliiti4t&iMdjr« Ci*l^ t» 1%I^^* f^ mmm j^mmm^mi^^^ 
a&4 ia««S «» a i . « l ^ J ?#isf ^ 4*1?^ to fi@Bl#d»i| I1& «I4^ as 
Has^ d^  m aeM% si^ to»«»mi fysim wm jNiiiNrt ift ot^ar ^t 
^m^$m^^ %• liDdiai tomisiiiSJj^ i s ae^esi^ «l4»^ a%@ ia 
^9a^ ffiaiiiti« i» ti^m® ^^ «^sm%M,m$ tiM i^gii m im me 
42 
fitlljig^ i^ t t l i^ mmimm^ 
l i i ^ ta ^ «aia, ag9oiiit Ca«@f td Sll«id)* Ogig^mt»i ii#^ii p#f<imtii« 
MM S&^# 3^4 o^uU St msaaxS^f ^mmn iM all um @oi^«i 
lUi a OMill. itw^Mt C^Si « i » i ^ « 
ilifl!lfTffii1*r t I t <MMiiPS i& iisNiU. aaouft%» C§*iS « % l ^ | ^ get i « 
ttg^MOl^ l,iSM ^liisii SV9M in Qs^ j^ ur md o«iiiff« us ^ii«Mim« 
4 -o 
€iir«%iA« wi^ #..«lia«t ^mmm^ ^^^m i^l^^ g^mM^mlm* 
%mm i ' l ^ 1^ ^$m b^i^ nf t^ re^  mM. mm iia^^». fi t li^i^yMm 
W*W^ WUS^mM^m » i i t t # ^ t » ^ ^ tlli^il%%# Ma^etMe »is .iruch 
. CHAPfEE m 
iQtm a^siifsiJit ofsj^ ^es t r i t l^oglfe oi toe ij-isin, tftM^ pro./cst 
plis^e miteuHi Qi tmm^ m&B&m^^Mlm its «^ >0'S#ci &n h^4M^ 
14^ s «sf dlmct i^mi i . d^t® e^s t i - t i i te a #a^3.# fo r the pi*esssB% 
ntm^p y^^tOad i*oe ^f^rAat CIS©) aad aanlgaal (® ) ssM^feiaeg , 
$&$Mt^ mt tia© ti® s t ra ta is, t l i i g 8lai#', 
iaj# ^f'fertsBt Si©i^.€ onteio^s acfosB t ^ area i s «sto»£la3P€ 
#gi4atloa« 0r too irsfia^^©* &ec»r4ijigl3r g r t u i i3««ri, sfesiii8y€ 
of ®r©s®-t>< t^i®ii . .saaiii&fes© oi'. tl ie $lwm arc^ a i s <SMjp^| tkm 




(^ii€^ i^ i^ ajfws^  ^-as ^aifiod tej? struBmB ^ ^ ^ fl^ism a@»as» 
the mm^tliim, o£ i?mwmXmi> wnA smam^^sit lu^&&^ ^hi i 
^SMiM MB O^HS^i l^ i 
ft ^ ^ ^ ^ « ^ 
t» «&i4. tiMi . 1 ^ B«f«iiii»« SMM^ « ^ «[iiiRii»Ntoli ai^fk i# m^wm 
m$,%^^m §»9 ^im wmomm ^t m^^SU BmeM mk li@t mm N» Hi* 
^ 1 ^ Bl,9« i m ^ o@»l(Mas lift «iw[^% ili$«t m$ 9§ m&l# 
&Bk Wk® faatMn #jf ttStotaf H id ftJJUiM filaUb CIlili^MI 9iBAA'lEM# 4® 
(4) 13^ M&mis9 V^mmt^m «emsi.&^ #f n mm^mm &i 
t i&^^^e W^em4, t9m0i^$jmB of M^te»J^»si«3l »tet#@ m Hallow i 
(&) % f ^ ^ a $ ^ ^@ Ikiiiia&i ?&f®&U^a 99^M,t® m 
4 f-f 
48 
i n 1^0 Bf4^iitr.strata* A$ iii^almat t M % m. iUw i)i^ 4 f t ^ i i t l 
if) 9Mm mi'mmA sm^mM^m^ ^^s ^^ fl^« j»^ algMfjU 
#aEit v^sli^m la i|}««(l.#® iw^^mm^' ^@^ri>^%t^ Urns top t@ 
49 
Ci) 
dl? Wt$: h0il9iM 
% ( W P ^ ^ ^ i(B ^ ^ Wk Wf 
.1 * 
€(R 1 ^ iNMlSil' &C laif l idCaJ^i^ 
t fti %MMIift pm%%mm^ ^ ilte i t ' i i t s i ^ i f t 
Hmt ^liPitaL F d t t ^ ^ &r ^m ^im^9&Mm ^^^mmn nm^^ m^&m^ Wm 
iM Hi t S&llMl ^ 4 #»liillff|,l1t 
g^ Hn 
50 
^m^ mtm iNtt.% % aft|» jN i^i««ai« 
iMM0 SAMm iMim^k wm$.m 0f Urn mH&M md «t^«^«ti|^«^#« 
mMmmmM ms m^slmmm item^mm C^i^M. &<•# 
t« s»if«t aaA mmt s»4it 131% ^ r « ^ ^ ^ iridic 
tiiOTiffl MMb lMi» 'iyHi&« «itflaiiiiitii>lfliffl i t i Wfmwmm 
'' «ii4 ai««iimKi # t ' im i » ^ W^iih Stitm* ma3u Wm^ 
N 
dl^i^ laxisdf' eimiMmf Mi^ M a ^ #tati®i*« ib^&^^*iPi«lXii* 
51 
« B l i | r i f t # ^ 
P «| l^# ^ : 
QmlMm^ % % p . 
ir« % 1^ ' fiiiPi 
aaJiataarik. ia.l.j^Mli:.att, '^'•wiiiwi limiiiliiailliiOTII • BtmSIMSBiSlsA 
f t ^ t t i f t i l t mA. mMMMm a#t*ii liinrt §«Nip^ i^«£i m ^ 
a m | . %i»« l^ i l^ illSl|rii» #g^ slmuXaticsi #f talWii 
UMIE* i t i y t ^>^^i # i i t ^ ^ ^ ^ < l » ^ # t # ^ m^rnm 
1* mju m«ii% mi^ ^fb i^ fe^ yin iw.irt, l i p. 
52 
f ib % l b«^% Hi^a i^ i n^ i t t li^ir«^ pm ^ i * 
4if»«iit® i III MmWk 9mm sm i«&« i ^ ^ o s c«is*>« 
